MODIS Instrument Operations Status

MCST Workshop at MST Meeting (June 06, 2016)




Terra Flight Operations

Terra Spacecraft Status

16+ years of successful operation
Safe Mode Occurred 02/18/16 —02/23/16
Solid State Recorder — 32 supersets allocated: O lost since last STM

Battery — Anomaly on 10/13/09 resulted in loss of 1 cell (out of 54 total). No
impact on operations or power availability.

Orbit Maneuvers: Drag Make-up #91-96, Inclination Adjustment #42-45
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Aqua Flight Operations

e Aqua Spacecraft Status
— 14 years of successful operations
— No major flight operation anomaly or extensive data losses since last STM
— Solid State Recorder — Full data allocation
— Battery — Fully functional
— Orbit Maneuvers: Drag Make-up #97-106, Inclination Adjustment #48-51
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MODIS Instrument Operations (Terra)

 Terra MODIS is healthy and operating nominally

e Operational Configuration (No change since last STM)

A-side: launch to Oct 30, 2000

B-side: Oct 30, 2000 to June 15, 2001

A-side: July 02, 2001 to Sept 17, 2002

A-side electronics and B-side formatter: Sept 17, 2002 to present
BB temperatures set at 290K

Cold FPA (SMIR and LWIR) controlled at 83K

SD door fixed to “open” position since July, 2003

e Events

Safe Mode: February 18, 2016 — February 24, 2016
Outgas: February 23, 2016 — February 24, 2016

e Concerns

SSR allocation — further decrease could result in data loss
* No losses since October 26, 2014
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MODIS Instrument Operations (Aqua)

e Aqua MODIS is healthy and operating nominally

e Operational Configuration (No change since last STM)
— Same B-side configuration since launch
— BB temperatures set at 285K
— Cold FPA (SMIR and LWIR) controlled at 83K
* Events
— None
» Concerns

— Loss of radiative cooler margin — Cold FPA not maintained at 83 K through
entire orbit.

— No CFPA changes planned

* https://mcst.gsfc.nasa.gov/meetings/aqua-modis-cold-fpa-performance-and-operation
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= Terra Safe Mode

EOS =

e On February 18%, 2016 (2016/049) the Terra FOT were
executing Inclination Adjust Maneuver (IAM) #43

* During the execution of IAM #43, prior to the maneuver
burn, the slew tables tripped the Fault-Detection Isolation &
Response (FDIR)

e Terra autonomously transitioned into Earth Point Safe-Hold
at 049/14:33:17

 MODIS transitioned to Safe Mode at 049/14:33:30

* Terra spacecraft last transitioned to Earth Point Safe-Hold on
December 16", 2003
*Terra Inertial Reference Unit saw 5 bad data samples and the
Fault Detection Isolation and Recovery made the S/C go into
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— Terra MODIS Safe Mode Recovery

EOS =

* MODIS transitioned to Standby Mode at 2016/054 16:41:52
* MODIS preformed Outgas procedure from 2016/054 17:34:43 until 2016/055
19:19:40
 Total Outgas Duration: 25:44:57
* Space View Door opened at 2016/055 19:22:52
* MODIS transitioned to Science Mode at 2016/055 19:26:34
* Blackbody was turned on (290K) at 2016/055 19:59:21

* Nadir Door was opened 2016/055 20:01:32
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Instrument Temperature Trends
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BB Temperature Trends
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CFPA Temperature Trends
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Terra
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Number of Calibrations
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MODIS Calibration Operations
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# Open & Screened Activities counted independently
* Includes Spatial, Spectral and Radiometric
05/15 = last Science Team Meeting
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SRCA Calibrations

e Terra—433 SRCA Calibrations
e Aqua— 315 SRCA Calibrations
e Please note there was a minor reconciliation of the usage numbers
e Lamps well within lifetime usage margins
 No lamp failures since 2006
Lamp Power 10W 1W
Lamp # 1 2 3 4 1 2
Usage (hr) 359.7 172.1 190.3 131.1 587.7 304.6
Terra Life (hr) 500 500 500 500 4000 4000
percent 71.9% oo e 26.2% 14.7% 7.6%
Usage (hr) 354.3 188.8 205.7 134.5 528.8 294.4
Aqua Life (hr) 500 500 500 500 5000 5000
percent | 70.9% | [leden Fiedon | 26.9% | 10.6% | 5.9%
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Future Operational Considerations

e Aqua MODIS CFPA temperature control
— Currently set at 83K
— Minimal impact on science data
— No need for mitigation at this time

e Aqua SD/SDSM door movements
— Passed projected lifetime limit on movements
— No change in current frequency of SD calibration activities planned at this time

PL to 05/14 to Total Design
05/14 present Lifetime

% Used

* As of 07/02/2003, SD Door in fixed ‘open’ position with screen in place
* Aqua reached designed lifetime of door movement on DOY 2012/191 (July 2012).
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MODIS Level 1B Code and LUT Status

MCST Workshop at MST Meeting (June 6, 2016)




C5/C6 L1B Code and LUT Updates

- Two separate sets of code and LUT (look-up-table)
—  Terra MODIS (MODO02) and Aqua MODIS (MYDO02)
- C5(2005 — present): Terra V5.0.48; Aqua: V5.0.43
- (€6 (2012 — present): Terra V6.1.20; Aqua: V6.1.35

- No L1B code updates (since last STM (5/18/2015))

- L1B LUT updates (since last STM)
- Terra MODIS CS5: 16; C6: 16
Aqua MODIS C5: 14; Cé6: 16
—  Most LUT updates were driven by gain changes of VIS bands
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Major Production Changes Timeline (C5 & C6)
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C5/C6 L1B LUT Updates

Terra C5 10 14 14 17 19 18 18 21 15 17 17 5
Terra C6 0 0 0 0 0 0 0 5 14 17 17 6
Terra

(OBPG) 1 15 17 4
Aqua C5 6 9 11 9 9 13 15 13 11 14 14 7
Aqua Cé6 0 0 0 0 0 0 (] 7 11 15 15 7
Aqua

(OBPG) 9 13 13 6
Total 16 23 25 26 28 31 33 46 61 91 93 35

« C5 Phase out?
— (6 = better quality
— Science products have completed/started C6 reprocessing.
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Terra MODIS Safe Mode
Entered Safe Mode at 049/14:33:30 (02/18/2016)

Transitioned to Science Mode 055/19:26:34 (02/24/2016)

Calibrations performed within a week of the recovery
O A series of SDSM calibrations scheduled starting from 056

0 A black body warm up/cool down calibration was performed between

060 — 062 (2/29/2016 — 3/2/2016).
L1B LUT update V6.1.20.14 (C6) and V5.0.48.15 (C5)

O RSB LUT update: m1_table;
O TEB LUT update: a0 _table, a2_table, band_21 b1 table;
O QA LUT update: detector_quality flag _values_table.

The first time stamp after the safe mode: 2016059 00:00:00
MODIS data production impact
No data available between 2016049 11:45:00 and 2016059 00:00:00
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Terra MODIS LWIR PV Cross-talk
Correction

Known issue
Bands involved: 27, 28, 29, and 30
Symptom: gain drift, striping, etc.

Different correction algorithms developed by
MCST, and implemented in L1B for test

Working closely with science teams to evaluate
and finalize the cross talk correction algorithm
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MODIS RSB Calibration and Performance

MCST Workshop at MST Meeting (June 6, 2016)




Highlights since the last STM (May, 2015)

e Terra MODIS

— RSB performing nominally after the safe-mode event (Feb, 2016)

— Out-of-turn calibration events (SD/SDSM) scheduled to monitor
the instrument performance after the safe-mode

— Noticeable gain changes (~2%) for the SWIR bands observed
after the safe-mode event. VIS/NIR bands show changes < 1%

— No new noisy/inoperable detectors since the last STM

e Aqua MODIS

— No significant events since last STM. Instrument operating
nominally with the OBC (SD, SDSM, SRCA) performing normally

— No new noisy/inoperable detectors since the last STM

— Need to extend the EV-based RVS approach to bands 1 — 4 [see:
MCST Special Topics Talk for details]
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On-orbit Calibration Activities

— SRCA:

b Radiometric: monthly
SD/SDSM: _ g | Spatial: quarterly
Weekly to tri-weekly

1\ Spectral: tri-annual
Solar
H .
i Diffuser
SRCA
SDSM \
Z Blackbody
e
N Scan .o
[ Mirror
A ‘!‘%- Space BB: quarterly
Spacecraft maneuvers: View <

Yaw (SD BRF, VF)

Moon: monthly (nighttime orbits)
Roll (Moon)

0-20° spacecraft roll maneuvers
55° phase angle
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RSB Calibration

e EV Reflectance

my - di‘arth_Sun ~dngy © (1 + kppse * ATypgt)

Pgy - €os(Ogy) = RUS

e Look-Up-Tables (LUTs) updated regularly for RSB
— my: Inversely proportion to gain at the AOI of SD

— RVS : Sensor Response versus Scan angle (normalized to SD AOI)
— Uncertainty tables

SV Port/]d EV Start
e C(Calibration Source 8 112 | 105
. . SRCA 26.3 Nadir
— SD/SDSM calibration 38.2 38
— Lunar observation sD EV Stop
— SRCA and EV mirror side (MS) ratios °0-25

— Response trending from EV targets Angle of Incidence (AOI)
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RSB SD Calibration

Sun

1.44 % screen l l l l l l l l l l Optional 7.8 % screen (SD)

permanent down position
SDSM since July 2, 2003

l Terra: SD screen in

SD degradation
\ A decép/dcdp
SD — i 9
v dCSun/dCSun

Scan mirror | €——— |~ ‘

) ASD ) 1—.'S‘DS

Psp * €os(Bsp)

1 — * 2
dnSD ) dEarth_Sun

Psp * €os(8sp) = BRF, dngp, = Signal from SD (temperature and background corrected), Agp=
SD degradation, I5ps = screen attenuation Page 26



RSB Lunar Calibration

Lunar calibration coefficients

Bands 1-4, 8-12, 17-19

Bands 13-16 (saturated)
< dn;kvloon,318 >

< dNypon >

moon _ moon .
mq = My B1g

gl

- - W M
T
-

=

N o N View geometry correction

. fphase—angle ’ flibration ’ foversampling

fvg —

d? . d?
Sun—Moon Moon—MODIS

Oversampling effect also needs to be corrected

Near-monthly calibration
if multiple scans are used

Phase angles between 55°- 56°
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Most change
observed for

short-wavelength
bands

Band 8 (.412 um)
changes by over
50%

Terra VIS bands
have a maximum
mirror-side
difference of about
11% at the SD AOI
(Band 3 - .469 um)

Page 29



SD Gain Trending: Aqua

Mirror Side 1

Mirror Side 2

Most change
observed for
short-wavelength
bands

Band 8 (.412 um)
maximum
change is ~40%

Aqua VIS bands
have a maximum
mirror-side
difference of
about 3% at the
SD AOI (Band 8)
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